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ABSTRACT

A technique includes towing a particle motion sensor in con-
nection with a seismic survey and controlling the survey to
cause a notch in a frequency response of the particle motion
sensor to substantially coincide with a frequency band at
which aliased vibration noise appears in a seismic signal
acquisition space of the particle motion sensor.
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CONTROLLING A SEISMIC SURVEY TO
REDUCE THE EFFECTS OF VIBRATION
NOISE

[0001] This application claims the benefit under 35 U.S.C.
§ 119(e) to U.S. Provisional Patent Application Ser. No.
60/978,275, entitled “CONTROLLING A SEISMIC SUR-
VEY TO REDUCE THE EFFECTS OF VIBRATION
NOISE” which was filed on Oct. 8, 2007, and is hereby
incorporated by reference in its entirety.

BACKGROUND

[0002] The invention generally relates to controlling a seis-
mic survey to reduce the effects of vibration noise.

[0003] Seismic exploration involves surveying subterra-
nean geological formations for hydrocarbon deposits. A sur-
vey typically involves deploying seismic source(s) and seis-
mic sensors at predetermined locations. The sources generate
seismic waves, which propagate into the geological forma-
tions creating pressure changes and vibrations along their
way. Changes in elastic properties of the geological formation
scatter the seismic waves, changing their direction of propa-
gation and other properties. Part of the energy emitted by the
sources reaches the seismic sensors. Some seismic sensors
are sensitive to pressure changes (hydrophones), others to
particle motion (e.g., geophones), and industrial surveys may
deploy only one type of sensors or both. In response to the
detected seismic events, the sensors generate electrical sig-
nals to produce seismic data. Analysis of the seismic data can
then indicate the presence or absence of probable locations of
hydrocarbon deposits.

[0004] A particular marine survey may involve towing a
pressure and particle motion sensors on one or more stream-
ers behind a surface vessel. The particular motion sensors
typically are sensitive to vibration noise. In particular, it is
possible that the vibration noise may be aliased into the par-
ticle motion measurement such that the aliased vibration
noise is difficult if not impossible to remove from the mea-
surement.

[0005] Some surveys are known as “marine” surveys
because they are conducted in marine environments. How-
ever, “marine” surveys may be conducted not only in saltwa-
ter environments, but also in fresh and brackish waters. In one
type of marine survey, called a “towed-array” survey, an array
of seismic sensor-containing streamers and sources is towed
behind a survey vessel.

SUMMARY

[0006] In an embodiment of the invention, a technique
includes towing a particle motion sensor in connection with a
seismic survey and controlling the survey to cause a notch in
a frequency response of the particle motion sensor to substan-
tially coincide with a frequency band at which aliased vibra-
tion noise appears in a seismic signal acquisition space of the
particle motion sensor.

[0007] Inanother embodiment ofthe invention, a technique
includes obtaining a first set of seismic data acquired by a
particle motion sensor towed in connection with a seismic
survey. The particle motion sensor has a frequency response
that includes a notch, which substantially coincides with a
frequency band at which aliased vibration noise appears in a
seismic signal acquisition space of the particle motion sensor.
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The technique includes obtaining pressure data acquired by a
pressure sensor while in tow in connection with the seismic
survey and processing the first and second sets of seismic
data.

[0008] In another embodiment of the invention, a system
includes an interface to receive a first set of seismic data
acquired by a particle motion sensor while in tow in connec-
tion with a seismic survey and a second set of seismic data
acquired by a pressure sensor while in tow in connection with
the seismic survey. The first set of seismic data is associated
with a frequency response and includes a notch that substan-
tially coincides with a frequency band at which aliased vibra-
tion noise appears in a seismic signal acquisition space of the
particle motion sensor. The system also includes a processor
to process the first and second sets of seismic data.

[0009] In yet another embodiment of the invention, an
article includes a computer accessible storage medium that
stores instructions that when executed by a processor-based
cause the processor-based system to receive a first set of
seismic data that is acquired by a particle motion sensor that
is towed in connection with a seismic survey. The particle
motion sensor has a frequency response that includes a notch
that substantially coincides with a frequency band at which
aliased vibration noise appears in a seismic signal acquisition
space of the particle motion sensor. The processor receives
pressure data acquired by a pressure sensor while in tow in
connection with the seismic survey and processes the firstand
second sets of seismic data.

[0010] Advantages and other features of the invention will
become apparent from the following drawing, description
and claims.

BRIEF DESCRIPTION OF THE DRAWING

[0011] FIG. 1 is a schematic diagram of a marine seismic
data acquisition system according to an embodiment of the
invention.

[0012] FIG. 2 is an illustration in frequency-wavenumber
space of vibration noise at a multi-component sensor loca-
tion.

[0013] FIG. 3 is an illustration in frequency-wavenumber
space of vibration noise in addition to seismic signal content
at a multi-component sensor location.

[0014] FIG. 4 is an expanded illustration in frequency-
wavenumber space of the vibration noise and signal content
near wavenumber zero.

[0015] FIG. 5 is an illustration of amplitudes of particle
motion and pressure signals versus frequency at a multi-
component sensor location.

[0016] FIGS. 6, 8, 9 and 10 are flow diagrams depicting
techniques to conduct seismic surveys according to embodi-
ments of the invention.

[0017] FIG. 7 is a flow diagram depicting a technique to
process seismic data according to an embodiment of the
invention.

[0018] FIG. 11 is a seismic data processing system accord-
ing to an embodiment of the invention.

DETAILED DESCRIPTION

[0019] FIG. 1 depicts an embodiment 10 of a marine seis-
mic data acquisition system in accordance with some
embodiments of the invention. In the system 10, a survey
vessel 20 tows one or more seismic streamers 30 (two exem-
plary streamers 30 being depicted in FIG. 1) behind the vessel
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20. The seismic streamers 30 may be several thousand meters
long and may contain various support cables (not shown), as
well as wiring and/or circuitry (not shown) that may be used
to support communication along the streamers 30.

[0020] Each seismic streamer 30 contains seismic sensors,
which record seismic signals. In accordance with some
embodiments of the invention, the seismic sensors are multi-
component seismic sensors 58, each of which is capable of
detecting a pressure wavefield and at least one component of
a particle motion that is associated with acoustic signals that
are proximate to the multi-component seismic sensor 58.
Examples of particle motions include one or more compo-
nents of a particle displacement, one or more components
(inline (x), crossline (y) and vertical (z) components (see axes
59, for example)) of a particle velocity and one or more
components of a particle acceleration.

[0021] Depending on the particular embodiment of the
invention, the multi-component seismic sensor 58 may
include one or more hydrophones, geophones, particle dis-
placement sensors, particle velocity sensors, accelerometers,
pressure gradient sensors, or combinations thereof.

[0022] For example, in accordance with some embodi-
ments of the invention, a particular multi-component seismic
sensor 58 may include a hydrophone 55 for measuring pres-
sure and three orthogonally-aligned accelerometers 50 to
measure three corresponding orthogonal components of par-
ticle velocity and/or acceleration near the seismic sensor 58.
Itis noted that the multi-component seismic sensor 58 may be
implemented as a single device (as depicted in FIG. 1) or may
be implemented as a plurality of devices, depending on the
particular embodiment of the invention. A particular multi-
component seismic sensor 58 may also include one or more
pressure gradient sensors 56, another type of particle motion
sensor. The pressure gradient sensor measures the change in
the pressure wavefield at a particular point with respect to a
particular direction. For example, one of the pressure gradient
sensors 56 may acquire seismic data indicative of, at a par-
ticular point, the partial derivative of the pressure wavefield
with respect to the crossline direction, and another one of the
pressure gradient sensors may acquire, a particular point,
seismic data indicative of the pressure data with respect to the
inline direction.

[0023] The marine seismic data acquisition system 10
includes one or more seismic sources 40 (one exemplary
source 40 being depicted in FIG. 1), such as air guns and the
like. In some embodiments of the invention, the seismic
sources 40 may be coupled to, or towed by, the survey vessel
20. Alternatively, in other embodiments of the invention, the
seismic sources 40 may operate independently of the survey
vessel 20, in that the sources 40 may be coupled to other
vessels or buoys, as just a few examples.

[0024] As the seismic streamers 30 are towed behind the
survey vessel 20, acoustic signals 42 (an exemplary acoustic
signal 42 being depicted in FIG. 1), often referred to as
“shots,” are produced by the seismic sources 40 and are
directed down through a water column 44 into strata 62 and 68
beneath a water bottom surface 24. The acoustic signals 42
are reflected from the various subterranean geological forma-
tions, such as an exemplary formation 65 that is depicted in
FIG. 1.

[0025] The incident acoustic signals 42 that are acquired by
the sources 40 produce corresponding reflected acoustic sig-
nals, or pressure waves 60, which are sensed by the multi-
component seismic sensors 58. It is noted that the pressure
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waves that are received and sensed by the multi-component
seismic sensors 58 include “up going” pressure waves that
propagate to the sensors 58 without reflection, as well as
“down going” pressure waves that are produced by reflections
of the pressure waves 60 from an air-water boundary 31.
[0026] The multi-component seismic sensors 58 generate
signals (digital signals, for example), called “traces,” which
indicate the acquired measurements of the pressure wavefield
and particle motion. The traces are recorded and may be at
least partially processed by a signal processing unit 23 that is
deployed on the survey vessel 20, in accordance with some
embodiments of the invention. For example, a particular
multi-component seismic sensor 58 may provide a trace,
which corresponds to a measure of a pressure wavefield by its
hydrophone 55; and the sensor 58 may provide one or more
traces that correspond to one or more components of particle
motion, which are measured by its accelerometers 50.
[0027] The goal of the seismic acquisition is to build up an
image of a survey area for purposes of identifying subterra-
nean geological formations, such as the exemplary geological
formation 65. Subsequent analysis of the representation may
reveal probable locations of hydrocarbon deposits in subter-
ranean geological formations. Depending on the particular
embodiment of the invention, portions of the analysis of the
representation may be performed on the seismic survey vessel
20, such as by the signal processing unit 23. In accordance
with other embodiments of the invention, the representation
may be processed by a seismic data processing system (such
as an exemplary seismic data processing system 320 that is
depicted in FIG. 6 and is further described below) that may
be, for example, located on land or on the vessel 20. Thus,
many variations are possible and are within the scope of the
appended claims.

[0028] The down going pressure waves create an interfer-
ence known as “ghost” in the art. The technique of decom-
posing the recorded wavefield into up and down going com-
ponents is often referred to as wavefield separation, or
“deghosting.” The particle motion data that is provided by the
multi-component seismic sensors 58 allows the recovery of
“ghost” free data, which means data that is indicative of the
upgoing wavefield.

[0029] Particle motion sensors, such as the above-de-
scribed accelerometers and pressure gradient sensors, may be
quite sensitive to vibration noise. If appropriate measures are
not taken, the measurements that are acquired by the particle
motion sensors may therefore contain vibration noise, which
may be difficult to separate from the acquired seismic signal.
[0030] The vibration noise has a relatively slow apparent
velocity along the streamer cable, such as a velocity of 30
meters per second (nV/s), as an example; and if appropriate
measures are not taken, the vibration noise may be aliased
into the frequency-wavenumber (f-k) space (called the “sig-
nal cone”) in which the particle motion sensor acquires the
seismic signal.

[0031] As a more specific example, FIG. 2 depicts an illus-
tration 100 in frequency-wavenumber (f-k) space of vibration
noise 104 that may be present at a particular sensor location
during a seismic survey. FIG. 3 is an illustration 120 in f-k
space of the vibration noise and signal content 124 that
appears at the sensor location.

[0032] Referring to FIG. 4 (which depicts an expanded
section from FIG. 3 of the f-k space near wavenumber zero),
the signal content from the particle motion sensor is acquired
in the sensor’s signal cone 130. Due to aliasing of the vibra-
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tion noise, the signal cone 130 may also undesirably include
vibration noise, as indicated at reference numeral 134. Thus,
it will be difficult to fully separate the vibration noise from the
acquired seismic signal. By digital filtering of every recorded
particle motion sensor, or by hardwiring the particle motion
sensors, the vibration noise 104 can be attenuated for high
wave numbers (outside the signal cone 130), but not for
apparent wave number of the vibration noise close to k=0 (at
134).

[0033] Because the vibration noise has a relatively slow
apparent velocity along the streamer cable, one conventional
technique to avoid aliased vibration noise is to densely space
the particle motion sensors along the cable. Due to the dense
sampling, there is no vibration noise in the signal cone, as
there is no aliasing. To remove vibration noise having a high
wave number, every particle motion sensor may be recorded
and filtered digitally or the particle motion sensors may be
hardwired in arrays. However, the dense sampling approach
typically is technically difficult and may be associated with
significant costs.

[0034] As illustrated in FIG. 4, the aliased vibration noise
134 isin arelatively narrow frequency band in the f-k domain.
Inarelatively sparsely sampled data set with aliased vibration
noise, the signal content is contaminated at the frequency
where the vibration noise aliases back into the signal cone 130
but is not contaminated at higher frequencies, up to the next
frequency with aliased vibration noise around k=0 (which
will be the double of the first frequency if the vibration noise
velocity is constant with frequency).

[0035] In accordance with embodiments of the invention
described herein, the above-described characteristic of the
aliased vibration noise is taken into account by using the
particle motion data that are acquired at frequencies between
the bands in which aliased vibration noise appears in the
signal cone 130 and using the acquired pressure data to fill in
the gaps. More specifically, as set forth below, the seismic
survey is controlled to cause notches in the frequency
response of the particle motion sensor to substantially coin-
cide with the frequency bands at which the aliased vibration
noise appears in the signal cone 130 of the particle motion
sensor. The notches, which cause corresponding gaps in the
particle motion data, are already taken into account, as the
particle motion data (hereinafter called the “Z data”) and the
pressure data (hereinafter called the “P data”) are combined to
generate a full bandwidth set of seismic data due. The notches
in the frequency spectrum of the particle motion data Z and
similar notches in the frequency spectrum ofthe pressure data
P are attributable to interference between the upgoing and
downgoing pressure waves, which form complimentary
notches and peaks in the P and Z spectra.

[0036] More particularly, referring to FIG. 5, a plot 160 of
the amplitude versus pressure P data and a plot 150 of the
amplitude versus frequency of the particle motion Z data
show the complimentary arrangement. As a more specific
example, a peak 151 of the particle motion data Z plot 150
occurs at a notch 164 of the pressure data P plot 160. Simi-
larly, a peak 161 of the pressure data P plot 160 occurs at a
notch 152 of the particle motion data Z plot 150.

[0037] The specific frequencies and wave numbers of the
notches and peaks are a function of the towing depth of the
streamer and the spacing of the particle motion sensors along
the streamer. In accordance with embodiments of the inven-
tion described herein, one or more aspects of the survey, such
as the towing depth and particle motion sensor spacing, are
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controlled for purposes of causing aliased vibration noise
content to appear in frequency bands that correspond to
notches in the frequency responses of the particle motion
sensors. Thus, near these notch frequencies, there is relatively
little signal content acquired by the particle motion sensors,
and the output of the pressure-particle motion data combina-
tion at this frequency relies on the pressure P data. Therefore,
having a high noise level on the particle motion sensor outputs
around this frequency is acceptable and does not impact the
quality of the output of the P-Z combination.

[0038] Referring to FIG. 6, to summarize, a technique 200
in accordance with the invention includes towing (block 202)
a particle motion sensor in connection with a seismic survey.
The survey is controlled (block 204) to cause a notch in a
frequency response of the particle motion sensor to substan-
tially coincide with a frequency band at which aliased vibra-
tion noise appears in a seismic signal acquisition space (i.e.,
the signal cone) of the particle motion sensor.

[0039] Referring to FIG. 7, the processing of the survey
data includes, pursuant to technique 220, receiving (block
224) particle motion data that were obtained while in tow
such that a notch in a frequency response of the particle
motion sensor substantially coincides with a frequency band
in which aliased vibration noise appears in a seismic signal
acquisition space of the particle motion sensor. The technique
220 includes receiving pressure data (block 226) in connec-
tion with the seismic survey and processing (block 230) the
particle motion and pressure data to obtain a full seismic
bandwidth set of data.

[0040] Vibration velocity may not be constant along the
length of the streamer because of the variation in tension
along the streamer. Furthermore, the vibration velocity may
change with time in one position (may change due to a change
in the towing speed, for example). As a result, the location of
the frequency band at which vibration noise is aliased into the
signal cone may temporally and spatially vary. To account for
the varying vibration noise, several different compensation
techniques may be used. For example, referring to FIG. 8, in
accordance with some embodiments of the invention, the
depth of the streamer may be varied along its length during
the seismic survey for purposes of compensating for the
variation of the vibration velocity along the length of the
streamer.

[0041] Because the streamer cable has a higher tension at
its front (i.e., the end of the streamer closest to the survey
vessel), the vibration noise near the front of the streamer is
faster, and thus, the aliasing occurs at a higher frequency for
a given spacing. At the tail of the streamer, the noise aliasing
occurs at a lower frequency. Therefore, by towing the
streamer deeper at the tail than in the front, the towing depth
notch of the particle motion data Z and the vibration aliasing
frequency are matched along the length of the streamer. The
variation in the depth of the streamer may be achieved with
the use of depth controllers on the streamer.

[0042] Thus, referring to FIG. 8, in accordance with some
embodiments of the invention, a technique 250 includes tow-
ing (block 254) particle motion sensors in connection with a
seismic survey. The technique 250 includes controlling
(block 258) the survey to cause notches in the frequency
responses of the particle motion sensors to substantially coin-
cide with frequency bands at which aliased vibration noise
appears in the seismic signal acquisition space of each of the
particle motion sensors. The control includes varying the
depth of the streamer along its length to compensate for the
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variation in the vibration velocity (and thus, the variation in
the frequency of the aliased vibration noise) along the length
of the streamer.

[0043] As a more specific example, for a vibration velocity
of 60 meters per second (m/s) and a main particle motion
sensor spacing of 1.6 meters (m), the frequency at which the
vibration noise aliases back into the signal cone is 37.5 Hertz
(Hz). To form a corresponding notch in the frequency spec-
trum of the particle motion sensor signal, the front of the
streamer is towed at a depth of 10 m. At the tail of the
streamer, the vibration velocity is 30 m/s, and the correspond-
ing frequency notch is 18.75 Hz for the same particle motion
sensor spacing. Based on these parameters, the tail of the
streamer is towed at a depth of 20 m. Between the front and
tail of the streamer, the streamer depth is gradually varied
from 10 to 20 m, following the tension in the streamer cable,
which decreases roughly linearly.

[0044] Another technique to compensate for the tension
differences in the streamer cable is to vary the main sensor
spacing along the length of the streamer. In this regard, for a
given streamer depth, the notch frequency on the particle
motion component is constant along the streamer. The vibra-
tion aliasing frequency (“f””) along the same streamer is equal
to f=c/d, where “d” is the sensor spacing, and “c” is the
vibration propagation velocity. The vibration propagation
velocity c is higher at the front of the streamer where there is
more tension, and the vibration propagation velocity c
decreases along the length of the streamer from the front to
the tail. To keep the vibration aliasing frequency f constant,
the main sensor spacing d is decreased along the streamer. In
other words, the spacing of the particle motion sensors is the
largest at the front of the streamer, is the smallest at the tail of
the streamer, and progressively decreases from the front to the
tail.

[0045] Thus, referring to FIG. 9, in accordance with the
invention, a technique 270 includes towing (block 274) par-
ticle motion sensors in connection with a seismic survey. The
technique 270 includes controlling (block 278) the survey to
cause notches in the frequency responses of the particle
motion sensors to substantially coincide with the frequency
bands at which aliased vibration noise appears in the seismic
signal acquisition spaces of the particle motion sensors. This
control includes varying the spacing of the particle motion
sensors along the length of the streamer to compensate for the
variation in vibration velocity along the length of the
streamer.

[0046] As a more specific example, the frequency notch in
the particle motion data Z is 25 Hz if it is assumed that the
front vibration velocity is 60 m/s and the depth is 15 m. At the
front of the streamer, the spacing is set to 2.4 m to cause the
vibration noise aliasing in the signal cone to be at 25 Hz. At
the tail of the streamer, at the same depth, the vibration noise
40 m/s. Therefore, atthe tail of the streamer, the spacingis 1.6
m. Between the front end and tail of the streamer, the spacing
is varied from 2.4 to 1.6 m.

[0047] A technique that may be used to compensate for
temporal or spatial differences in the aliased vibration veloc-
ity is to design the particle motion sensor array to compensate
for the variation range. In this regard, an array of the particle
motion sensors may be designed on the streamer to spread, or
“smear” the vibration noise in f-k space. Thus, referring to
FIG. 10, a technique 290 in accordance with the invention
includes towing (block 294) particle motion sensors in con-
nection with a seismic survey. The technique 290 includes
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controlling (block 298) the survey to cause notches in the
frequency responses of the particle motion sensors to sub-
stantially coincide with frequency bands at which aliased
vibration noise appears in the seismic signal acquisition
spaces of the particle motion sensors. The control includes
designing the particle motion sensors in an array to spread the
aliased vibration noise in the f-k spectrum.

[0048] The techniques 250, 270 and 290 are examples of
techniques that may be used to account for the spatial and
temporal changes in the frequency of the aliased vibration
noise. One or more of the techniques 250, 270 and 290 may be
combined, depending on the particular embodiment of the
invention.

[0049] Referring to FIG. 11, in accordance with some
embodiments of the invention, a seismic data processing sys-
tem 320 may perform at least part of the techniques that are
disclosed herein for purposes of compensating for aliased
vibration noise. In accordance with some embodiments ofthe
invention, the system 320 may include a processor 350, such
as one or more microprocessors and/or microcontrollers. The
processor 350 may be located on a streamer 30 (FIG. 1),
located on the vessel 20 or located at a land-based processing
facility (as examples), depending on the particular embodi-
ment of the invention.

[0050] The processor 350 may be coupled to a communi-
cation interface 360 for purposes of receiving seismic data
that corresponds to pressure and particle motion measure-
ments. Thus, in accordance with embodiments of the inven-
tion described herein, the processor 350, when executing
instructions stored in a memory of the seismic data process-
ing system 320, may receive multi-component data that are
acquired by multi-component seismic sensors while in tow
and may combine the pressure and particle motion data to
accommodate frequency notches to derive a full bandwidth
seismic data set. It is noted that, depending on the particular
embodiment of the invention, the multi-component data may
be data that is directly received from the multi-component
seismic sensor as the data is being acquired (for the case in
which the processor 350 is part of the survey system, such as
part of the vessel or streamer) or may be multi-component
data that was previously acquired by the seismic sensors
while in tow and stored and communicated to the processor
350, which may be in a land-based facility, for example.
[0051] As examples, the interface 360 may be a USB serial
bus interface, a network interface, a removable media (such as
a flash card, CD-ROM, etc.) interface or a magnetic storage
interface (IDE or SCSI interfaces, as examples). Thus, the
interface 360 may take on numerous forms, depending on the
particular embodiment of the invention.

[0052] Inaccordance with some embodiments of the inven-
tion, the interface 360 may be coupled to a memory 340 ofthe
seismic data processing system 320 and may store, for
example, various data sets involved with the techniques 200,
220, 250, 270 and/or 290, as indicated by reference numeral
348. The memory 340 may store program instructions 344,
which when executed by the processor 350, may cause the
processor 350 to perform one or more of the techniques that
are disclosed herein, such as the techniques 200, 220, 250,
270 and/or 290 (as an example), as indicated by reference
numeral 348 and display results obtained via the technique(s)
on a display (not shown in FIG. 11) of the system 320, in
accordance with some embodiments of the invention.
[0053] While the present invention has been described with
respect to a limited number of embodiments, those skilled in
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the art, having the benefit of this disclosure, will appreciate
numerous modifications and variations therefrom. It is
intended that the appended claims cover all such modifica-
tions and variations as fall within the true spirit and scope of
this present invention.

What is claimed is:

1. A method comprising:

towing a particle motion sensor in connection with a seis-

mic survey; and

controlling the survey to cause a notch in a frequency

response of the particle motion sensor to substantially
coincide with a frequency band at which aliased vibra-
tion noise appears in a seismic signal acquisition space
of the particle motion sensor.

2. The method of claim 1, wherein

the notch varies with a towing depth of the particle motion

sensor, and

the act of controlling the survey comprises regulating the

towing depth based on a depth at which the notch sub-
stantially coincides with the frequency at which aliased
vibration noise appears in the seismic signal acquisition
space of the particle motion sensor.

3. The method of claim 1, wherein the particle motion
sensor is part of a set of particle motion sensors located on a
streamer, each of the set of particle motion sensors having an
associated notch in a frequency response, the method further
comprising:

varying a depth of the streamer along the length of the

streamer to cause the associated notches to coincide with
frequencies at which aliased vibration noise appears in
seismic signal acquisition spaces of the particle motion
sensors.

4. The method of claim 1, wherein

the notch varies with a particle motion sensor spacing of a

streamer on which the particle motion sensor is located,
and

the act of controlling the survey comprises selecting the

spacing based on a spacing at which the notch substan-
tially coincides with the frequency at with aliased vibra-
tion noise appears in the seismic signal acquisition space
of the particle motion sensor.

5. The method of claim 1, wherein the particle motion
sensor is part of a set of particle motion sensors located on a
streamer and associated with a sensor spacing, and each of the
set of particle motion sensors having an associated notch in a
frequency response, the method further comprising:

varying the spacing along the length of the streamer to

cause the associated notches to coincide with frequen-
cies at which aliased vibration noise appears in seismic
signal acquisition spaces of the particle motion sensors.

6. The method of claim 1, wherein the particle motion
sensor is part of a set of particle motion sensors located on a
streamer, each of the set of particle motion sensors having an
associated notch in a frequency response, the method further
comprising

configuring the set of particle motion sensors in an array to

spread out frequency bands at which aliased vibration
noise appears in seismic signal acquisition spaces of the
particle motion sensors.

7. The method of claim 1, wherein the seismic signal acqui-
sition space comprises a region of frequency-wavenumber
space associated with seismic signal content acquired by the
particle motion sensor.
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8. A method comprising:

obtaining a first set of seismic data acquired by a particle
motion sensor towed in connection with a seismic sur-
vey, the particle motion sensor having a frequency
response including a notch that substantially coincides
with a frequency band at which aliased vibration noise
appears in a seismic signal acquisition space of the par-
ticle motion sensor;

obtaining pressure data acquired by a pressure sensor while

in tow in connection with the seismic survey; and
processing the first and second sets of seismic data.

9. The method of claim 8, wherein the notch varies with a
towing depth of the particle motion sensor.

10. The method of claim 8, wherein the notch varies with a
particle motion sensor spacing along a streamer on which the
particle motion sensor is located.

11. The method of claim 8, wherein the processing com-
prises processing the first and second sets of seismic data to
generate seismic data content over a frequency bandwidth
that spans the notch.

12. The method of claim 8, wherein the particle motion
sensor comprises one a plurality of particle motion sensors,
and each of the plurality of particle motion sensors having
notches that substantially coincide with frequency bands at
which aliased vibration noise signal appears in a seismic
signal acquisition space of the particle motion sensor.

13. The method of claim 8, wherein the notch is one of a
plurality of notches in the frequency response of the particle
motion sensor, and each of the plurality of notches substan-
tially coincides with a frequency band at which aliased vibra-
tion noise appears in the seismic signal acquisition space of
the particle motion sensor.

14. A system comprising:

an interface to receive a first set of seismic data acquired by

a particle motion sensor while in tow in connection with
a seismic survey and a second set of seismic data
acquired by a pressure sensor while in tow in connection
with the seismic survey, the first set of seismic data being
associated with a frequency response comprising a
notch that substantially coincides with a frequency band
at which aliased vibration noise appears in a seismic
signal acquisition space of the particle motion sensor;
and

a processor to process the first and second sets of seismic

data.

15. The system of claim 14, wherein the notch varies with
a towing depth of the particle motion sensor.

16. The system of claim 14, wherein the notch varies with
a particle motion sensor spacing of a streamer on which the
particle motion sensor is located.

17. The system of claim 14, wherein the processor pro-
cesses the first and second sets of seismic data to generate
seismic data content over a frequency bandwidth that spans
the notch.

18. The system of claim 14, wherein the particle motion
sensor comprises one a plurality of particle motion sensors,
and each of the plurality of particle motion sensors having
notches that substantially coincide with frequency bands at
which aliased vibration noise signal appears in a signal cone
of the particle motion sensor.

19. The system of claim 14, wherein the notch is one of a
plurality of notches in the frequency response of the particle



US 2009/0092003 Al

motion sensor, and each of the plurality of notches substan-
tially coincides with a frequency band at which aliased vibra-
tion noise appears in a seismic signal acquisition space of the
particle motion sensor.

20. An article comprising a computer accessible storage
medium storing instructions that when executed by a proces-
sor-based cause the processor-based system to:

receive a first set of seismic data acquired by a particle

motion sensor towed in connection with a seismic sur-
vey, the particle motion sensor having a frequency
response including a notch that substantially coincides
with a frequency band at which aliased vibration noise
appears in a seismic signal acquisition space of the par-
ticle motion sensor;

receive pressure data acquired by a pressure sensor while in

tow in connection with the seismic survey; and

process the first and second sets of seismic data.

21. The article of claim 20, wherein the notch varies with a
towing depth of the particle motion sensor.
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22. The article of claim 20, wherein the notch varies with a
particle motion sensor spacing of a streamer on which the
particle motion sensor is located.

23. The article of claim 20, wherein the processing com-
prises processing the first and second sets of seismic data to
generate seismic data content over a frequency bandwidth
that spans the notch.

24. The article of claim 20, wherein the particle motion
sensor comprises one a plurality of particle motion sensors,
and each of the plurality of particle motion sensors having
notches that substantially coincide with frequency bands at
which aliased vibration noise signal appears in a seismic
signal acquisition space of the particle motion sensor.

25. The article of claim 20, wherein the notch is one of a
plurality of notches in the frequency response of the particle
motion sensor, and each of the plurality of notches substan-
tially coincides with a frequency band at which aliased vibra-
tion noise appears in a seismic signal acquisition space of the
particle motion sensor.
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